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, (54) CYCLOOLEFIN COPOLYMER RESIN COMPOSITION AND PROCESS FOR PRODUCING THE 
SAME 

(57) A cycloolefin copolymer resin composition hav- 
ing well-balanced transparency and impact resistance 
which comprises (A) a cycloolefin copolymer and (B) 1 
to 100 parts by weight, per 100 parts by weight of said 
cycloolefin copolymer, of at least one rubber-like poly- 
mer selected from the group consisting of (B1) an aro- 
matic vinyl-isobutylene copolymer and (B2) an aromatic 
vinyl-conjugated diene copolymer, wherein the differ- 
ence in refractive index (nD) at 20°C between the com- 
ponents (A) and (B) is at most 0.015 and the particle 
size of the component (B) dispersed in the component 
(A) is from 0.4 to 3 prn. The composition may further 
contain a core-shell polymer (C), whereby the impact 
resistance can be further improved. The composition is 
prepared by kneading the above components at an ele- 
vated temperature optionally in the presence of an 
organic peroxide. 
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Description 
TECHNICAL FIELD 



[0001] The present invention relates to a cycloolefin copolymer resin composition having well-balanced transpar- 
ency arid impact resistance and a process for preparing the composition, -oaianceo xranspar 



BACKGROUND ART 



io [0002] Cycloolefin copolymers have excellent moldability, dimensional stability, transparency and moisture barrier 
Str H n9th th6re0f iS M SUffiCi6nt and ' therefore - improvement theTeof 

is SJ^LJl? ga " erally known that al, °y in 9 transparent brittle thermoplastic resins with incompatible rubber compo- 
"!h? 1 ! rf nhanCeS | ' mpaCt re5ist ^- ™* manner is also effective for cycloolefin copolymers. ForexaSH 
eS^HT ^ COmpOSiti0,, reinforced with commercially available block copolymer*^ as SB^Sano 1 
SIS) as a rubber component is disclosed in Japanese Patent Publication Kokai No 1 -256548 

!™~!L« !" ? enera '' * he '["P 301 distance and the transparency of alloys of polymers incompatible with each other 
on f^n 9 E , V 1 " lf,uenced ^ P hase morphology of components constituting the polymer alloys * 
J™L~- ,mpac ! resistance of bri « e thermoplastic resins cannot be always improved by merely alloying with rubber 
components. It is known that revelation of impact resistance is influenced by domain size of the rubber compTn^K 
parsed m the continuous phase of the brittle thermoplastic resins, and the domain size approve J,ZS % 
impact resistance varies for every thermoplastic resin. revelation of 

[0006] in many cases, the refractive indexes of a thermoplastic resin and a rubber component do not comnletPh, 
5L 6 i:lT ? Vfeible ? 80 an efCe,,ent ^P^ency that brittle thern^lastic^s pLtsTs nTata^ 
£T2?2» IOWenn9 4 by merelV matChin9 the refrac1ive indexes of componenteconstHuting apolymtralfoy W 
fore, ttie transparency of a polymer alloy is swayed by determination of the wave length at which the ref racXnde^ 
should be matched or determination of the domain size to be formed of the rubber cow 
so . JJ jects ° f ^ P*f«* Mention are to provide a cycloolefin copolymer resin composition having well-bal- 

30 anced impact resistance and transparency, and a process for preparing the corrpos'rtion. 



DISCLOSURE OF THE INVENTION 



35 copofymer resin composition comprising (A) a cycloolefin copolymer and (B) 1 to 100 ? parts bv weiohT^Mu^^ 1^ 

aZa\ic vSS SSST* T* * 31 ^ ° ne rubb -K'^r ie/ectS, Im^X ?^n 9 ^an 
ITf V,ny '" ,SObutylene copolymer and (B2) an aromatic vinykx>njugated diene copolymer Xrein the diSLZrL^ 

™t^j£Li?z ~ mponen,s (a) and (b > is a ^o.oi5 s^rir^ 

nent (B) dispersed in the component (A) is from 0.4 to 3 »im. 

40 2SSn J" a ! C ° rdanCe with the second embodiment of the present invention, there is provided a resin composition 
wherem the above-mentioned resin composition of the first embodiment is further incorporated with (CntoW^^ 

SStST 1 °? a * by Wei9W °' tHe (A >' <* a «*•*■■ tt-e diffSeTnTefraSJe Tnd^) * 

P^cTT^ 

« [001 0] In accordance with the third embodiment of the present invention, there is provided a process for preoarino 
1 ir re l Cy K C,00lefin COPOlymer resin composition which comprises kneading (A) a cydoolef^^lleTa^ S 
We ' 9ht PeM °° by ^ ° f cydoo,efin copolymer of at le^st one rXSr^e? 
nt^l % 9fOUP T SiStn9 01 (B1) an aromalic vinyl-isobutylene copolymer and (B2) an aronSc v1n£S 
gated diene copolymer ,n the presence of (D) 0.0001 to 6 parts by weight, per 100 parts by weight off 11 oomrTnent 
so (A), of an organic peroxide at a temperature of 180 to 300'C. component 
'"the above process, the components (A) and(B) maybe kneaded together with (C) 1 toSOpartsbv weiaht 
per 100 parts by weight of the component (A), of a core-shell polymer. Parts Dy weight, 

BEST MODE FOR CARRYING OUT THE INVENTION 

55 

k™ 6 ^^et^coPolymers (hereinafter referred to as "COC") used in the present invention are amorphous 
^ ym ^5 aV,n9 8 CyC " C ° lefin Structure ' 30(1 P re,erab,y have a glass transition temperature of 50^50 *C ZpeS 
80 to 200-C. more especiaJly 80 to 160'C. if the glass transition temperature is lesTthan 50-C m^Wi^is^oT2 
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cient and, therefore, a balance between rigidity and impact resistance is deteriorated. If the glass transition temperature 
is more than 250°C, the processability is lowered. Preferably, the COC used in the present invention comprises, based 
on the total weight thereof, 

5 1 to 99 % by weight of at least one cyclic olefin, preferably a cyclic olefin of the formula (I), (II), (III), (IV), (V), (VI) or 

(VII) described below, wherein R 1 to R 8 are the same or different and each is hydrogen atom or a hydrocarbon 
group having 1 to 20 carbon atoms, provided that at least two of R 1 to R 8 may form a ring, and n in the formula (VII) 
is an integer of 2 to 1 0, 

99 to 1 % by weight of at least one non-cyclic olefin, preferably a non-cyclic olefin of the formula (VIII) described 
10 below, wherein R 9 to R 12 are the same or different and each is hydrogen atom or a hydrocarbon group having 1 to 
20 carbon atoms, and 

0 to 20 % by weight of other vinyl compounds having at least one double bond, e.g., (meth)acrylic acid, alkyl 
(rneth)acrylate, (meth)acrylonitrile and vinyl acetate. More preferably, the COC used in the present invention com- 
prises 40 to 90 % by weight of at least one of cyclic olefins of the formulas (I) to (VII) and 60 to 10 % by weight of 
is a non-cyclic olefin of the formula (VIII). 
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HC 



= CH 




(vn) 



(CH.) . 



R 1 * 



[0013] Preferable COCs are copolymers of a cyclic olefin having a norbornene based structure, preferably nor- 
bornene, tetracydododecene or cyclic olefins having a structure derived from them, and a non-cyclic olefin having a ter- 
minal double bond, e.g., an ct-olefin, preferably ethylene or propylene. Among them, norbornene-ethylene, norbornene- 
propylene, tetracyclododecene-ethylene and tetracydododecene-propylene copolymers are particularly preferred. 
[0014] Commercially available cycloolefin copolymers. e.g.. those available under the trade mark "10035" made by 
Hoechst Aktiengesellschaft Germany, and the trade mark "APEL" made by Mitsui Petrochemical Industries, Ltd. can 
also be used in the present invention as the COC. 

[001 5] Preferably the COC suitable for the objects of the present invention has a viscosity number of 25 to 200 ml/g, 
especially 40 to 120 ml/g, more especially 40 to 80 ml/g. measured in decalin at 135°C. If the viscosity number is less 
than 25 ml/g, the rigidity of molded articles obtained from the resin compositions is insufficient, and if the viscosity 
number is more than 200 ml/g, the molding processability of the resin compositions tend to lower. 
[0016] An aromatic vinyl-isobutylene copolymer (B1) and an aromatic vinyl-conjugated diene copolymer (B2) are 
used in the present invention as the rubber-like polymer (B) to be incorporated into the cycloolefin copolymer (A). These 
may be used alone or in admixture thereof. Examples of the aromatic vinyl compound are, for instance, styrene, a- 
methylstyrene, p-methylstyrene, chlorostyrene, bromostyrene, vinyl naphthalene, and the like. 
[0017] Examples of the aromatic vinyl-isobutylene copolymer (B1) are. for instance, styrene-isobutylene block 
copolymer (SIB), styrene-isobutylene-styrene block copolymer (SIBS). isobutylene-styrene-isobutylene block copoly- 
mer (IBSIB), styrene-isobutylene random copolymer, and the like. These may be used alone or in admixture thereof. 
Among them, styrene-isobutylene block copolymer and styrene-isobutylene-styrene block copolymer are particularly 
preferred. These aromatic vinyl-isobutylene copolymers can be used alone if the difference in refractive index between 
the copolymer (B)'and the COC (A) at 20°C is not more than 0.015. A mixture of at least two aromatic vinyl-isobutylene 
copolymers can also be used if the difference in refractive index between the mixture and the component (A) at 20°C is 
not more than 0.015. If the difference in refractive index is more than 0.01 5, no cycloolefin copolymer resin composition 
having an excellent transparency is obtained. 

[0018] In the styrene-isobutylene copolymers, it is preferable from the viewpoint of rubber elasticity of the copoly- 
mers that the isobutylene/styrene ratio is from 40/60 to 99/1 by mole. In case of the styrene-isobutylene block copoly- 
mers, from the viewpoint of rubber elasticity and handling thereof it is preferable that the degree of polymerization of 
each block is from about 100 to about 150,000 for isobutylene (the copolymers may be in the liquid state if the degree 
of polymerization is less than about 100) and is from about 10 to about 30,000 for styrene. 

[0019] The styrene-isobutylene copolymers can be obtained by known polymerization methods for general vinyl 
compounds, for example, by a living cationic polymerization method. For example, the copolymers can be prepared by 
a method as disclosed in Japanese Patent Publications Kokal No. 62-48704 and No. 64-62308 wherein it is disclosed 
that a living cationic polymerization of isobutylene or the like and a vinyl compound is possible, and polyisobutylene 
based block copolymers can be prepared by using the vinyl compound with isobutylene and other compounds. Besides, 
U.S. Patent No. 4,946.899, US. Patent No. 5,219,948 and Japanese Patent Publication Kokai No. 3-174403 disclose 
methods of the preparation of polymers of vinyl compounds by living cationic polymerization. 
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[0020] 



40 



45 



50 



weatheraMity .hereof ieoood. Further ae^™TJi?»^i™^ J£?2* e ' 9 " P | ** u '<«*ehe arid, therefore, (he 

10 copolymer and hydrogenated styrene^juW d^ne coSy^ aS t£S£ ^"^ethylene^ene 
ponent effective for improvement of strength can DeTncr?aS!^' a ^ 1 ' COntent of a ***** «•"- 

and hydrogenated styrene-conjugated diene <^ymS wrth ^ene-ethylene-butene copolymer 

»5 rene-isoprene block copolymer (SI) styreneS^^liS random copolymer (SBR), sty- 

ymer (SIR), and the ^ese ^ styrene-isoprene random corS!- 

copolymers (B2) can be used alonT/the dSrS^n J?" **«»^ *ne 

is not more than 0.015. A mixture of at taSS^I^T f ^P 0 '^^ (B2) and the COC (A) 

difference in refractive T^XS^T }n ^ raon ^> M die ™ copolymers can also be used if 52 

- refractive index is moret^s n ^0^^^^^^ ™ ^ ° 015 " "" 

obtained. y copolymer resin composition having an excellent trensparency is 

control of the size of particles disoers^rt tho JlTl ~T , P 5 eferabl * from *e viewpoints of rubber elasticity and 
control of the size of particles dispersed the ri*nrll^ ^ Preferably, from the viewpoints of rubber elasticity and 
chloroform solvent at 25'C, polystyrene standard) ^ by GPC (9el Permeation chromatography, in 

oonwreree ,81) ana (K ,te „ ^ — »— «• between fhe COO (A) ahd ire 

mixture of the 

S^aT^^^ 

preferably 0.4 to 2 ^ S^HS* ££^S5X ".T* - 2 ST 3 ^ ^ 01 04 to 3 ^ 
0.4 nm. a sufficient impact resistance is not dS^d^iS^P' *™ dispersed is ,ess *w 

originaly possesses is impaired, so a ba^ce^wten^l^ f 3 ^ 1,16 ""We* that the COC 

[0030] The term "sizeof o^cll^H^lt^Z ^ transparency is deteriorated, 
herein denotes a valuH 2SJ fpXSS^oS. 21 (B > 38 

Photograph) of the particles oteervedby ultra^n^i^m^^ ^ 1^ Photograph (transmission electron micro, 
rubber^polym^^^ 

Average particle size = (£ n ,D , 4 )/(£ n ,D , 3 ) 

conoone™ (A) vartes dweiSoa™, a SmmZZZ!^' ** T^" •» « •» oorepoheht (6) in the 
«««ofoc^n B (A)1^„. , |^^^ 
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[0032] The dispersed particle size of the component (B) in the component (A) may also vary depending on the melt 
viscosities of the components (A) and (B) and the kneading condition of the components (A) and (B), or depending on 
condition of injection molding when the resin composition of the present invention is molded by injection molding. 
[0033] If it is desired to decrease the dispersed particle size of the component (B) in the component (A) at the time 

5 of melt-kneading the components (A) and (B), it is achieved by increasing the shearing force for the melt-kneading. The 
increase of the shearing force can be realized, for instance, by lowering the melt-kneading temperature as low as pos- 
sible within the kneadable range, or by designing a screw for extrusion so as to raise the degree of kneading when 
kneading is conducted by means of a twin-screw extruder. Conversely, if it is desired to increase the dispersed particle 
size of the component (B) in the component (A), it is achieved by decreasing the shearing force for the melt-kneading. 

w The decrease of the shearing force can be realized, for instance, by raising the melt-kneading temperature as high as 
possible within the kneadable range, or by designing a screw for extrusion so as to lower the degree of kneading when 
kneading is conducted by means of a twin-screw extruder. 

[0034] In order to disperse the component (B) into the component (A) in the state of dispersed particle size of 0.4 
to 3 \im in the resin composition of the present invention, the dispersed particle size of the component (B) in the 

75 kneaded product according to the present invention is investigated and then the kneading condition is set based ther- 
eon. The dispersed particle size of the component (B) can be adjusted to 0.4 to 3 *im by increasing the shearing force 
for the melt-kneading if the dispersed particle size is more than 3 n,m, or by decreasing the shearing force if the dis- 
persed particle size is less than 0.4 ^m, whereby the desired cycloolefin copolymer resin composition of the present 
invention having well-balanced transparency and impact resistance. 

20 [0035] In case of molding the resin composition of the present invention by a secondary processing such as injec- 
tion molding, the dispersed particle size of the component (B) in the component (A) may also vary. For example, if the 
injection molding is carried out under such conditions that a large shearing force is applied to a melted resin composi- 
tion, there is a case, depeding on combination of the components (A) and (B), that the dispersed particle size of the 
component (B) becomes lower than the dispersed particle size obtained at the time of mert-kneacfing a Wend of the 

25 components (A) and (B) (at the time of primary processing): 

[0036] Thus, as a result of an intensive study, it has been found that by selecting a combination of the components 
(A) and (B) so that the melt viscosities of the components (A) and (B) are as near as possible, control of the dispersed 
particte size by shearing force becomes easy and, moreover, the dispersed particle size of the component (B) once dis- 
persed into the component (A) is hard to change at the time of secondary processing such as injection molding or the 

30 like. For example, it is preferable that the ratio of the melt index (Ml 190 , g/10 minutes) of the component (B) at 190°C 
under a load of 2.16 kg to the melt index (MI230. Q/10 minutes) of the component (A) at 230°C under a load of 2.16kg, 
namely the Ml 190 (B)/MI 2 3o (A) ratio, is not more than 0.7. 

[0037] The cycloolefin copolymer resin composition of the present invention may further contain a polymer having 
^ a core-shell structure (C), for the purpose of improving the impact resistance without reducing a high transparency that 
35 the COC originally possesses. 

[0038] The core-shell polymer (C) used in the present invention is composed of different two or more polymer layers 
(core and at least one shell). In the respective polymer layers which constitute the core-shell polymer, a layer containing 
as a main component a polymer having a low glass transition temperature is called rubber phase, and a layer containing 
as a main component a polymer having a high glass transition temperature is called hard phase. The rubber phase is 
AO crosslinked and, as occasion demands, the bard phase composed of at least one layer may be crosslinked and. there- 
fore, even if the core-shell polymer is alloyed with the COC. the size and shape thereof do not vary. This is important in 
improving the strength without reducing the transparency of COC. 

[0039] The rubber phase may be a homogeneous structure composed of at least one polymer or may be a hetero- 
geneous structure composed of at least two polymers like so-called salami structure (occulusion structure). In case of 
45 the salami structure, the rubber phase may be composed of a polymer having a low glass transition temperature and a 
polymer having a high glass transition temperature or may be composed of at least two different polymers having a low 
glass transition temperature. 

[0040] From the viewpoint of rubber elasticity at a temperature at which the resin composition of the present inven- 
tion is used, it is preferable that the glass transition temperature (Tg) of the polymer having a low glass transition tern- 
so perature which constitutes the rubber phase is less than 0°C. especially not more than -20°C, more especially not more 
than -30°Q 

[0041 ] The content of the rubber phase in the core-shell polymer is preferably from 30 to 95 % by weight, more pref- 
erably 40 to 90 % by weight, further preferably 50 to 90 % by weight. If the content of the rubber phase is less than 30 
% by weight, the effect of improving the impact resistance is small, and if the content is more than 95 % by weight, the 
55 workability at coagulation of a latex in the preparation of the core-shell polymer tends to lower. 

[0042] Homopolymers and copolymers derived from conjugated dene monomers, (meth)acrylate monomers, ole- 
fin monomers and aromatic vinyl monomers can be used as the polymer having a low glass transition temperature 
which constitutes the rubber phase. These polymers may be suitably combined to form the rubber phase. 
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ylate. laury. methacrylate JJ55 hMSSStaT7f£ """^ ^ acr- 
propyene. butene and isobuty.ene. ^ iS^^TE^ ^W^' 

rene. an alkylstyrene and a halogenated styrene These f nwnom^ mT '5 M ? stance ' st y rene - "methylsty- 
(Meth)acrylonrtrile and substrtuted aery tonitrS may aSe3T^ " ^ °' h admixture thereof - 

[0044] Polymers having an organopolysiloxane structure as represented by the formula (IX): 



w 



IS 




(IX) 



alone or in admixture thereof. ^ 8> and 0ther wosslmking monomers. These may be used 

than! 50-C from the ^imtSnSoTfroShe n^S^ "* ^ ^ ^ "<* leSS 

weight, the latex ckguS5.ityVn 7i£^5£SZS2i cZiZTZl?!"* T is ,ess « % by 
J-j 70 % by weight, there is a casetta^e effeS ?*S^^^£^tS JS" ** * 

10050] Examples of the ^JSSSZSZ TE^* to form hard phase, 
cyclohexyl methacrylate arxl isobom^ me^a^^F^L ^Il phase are ' for ,nsta nce, methyl methacrylate. 
rene. «-methy.styrer,e and haCS SSS^SlSS^SSSS ^ m ° n ° merc f0r ^anc/sty- 
ene. butene. isobutylene virM rwrbom^s TrS S^S^f ^! monomerc are - for instance, ethylene, propyl- 
thereof. (Methjac^e aT 5^J5SSSS^^ ^ * — — " h — £ 

Kent «3KS£EE^ 

functional compound. Exarnples ^e^X^ al J, U.&Patent No. 3.787,522 can be used as the poly- 
may be used alone or in admixture thereof methacrylate. and other known crosslink^ monomers. These 
S*>Hn^^^^^ 

for example. micro^uspensioTSXSatioTin r i ^ P^enzation into the core-shell polymers. 

so example, core-shell po^eTcan bCr^S ZV^T C ° fnb,ned °« them is also available and. fo 

difficult to undergo aVerX^^S to f^"*"* of the rubber phase, which aTe 

polymerization to give a rubbi ptesTSThL and then effecting an emulsion 

S 6 82 ^uT^entT^^Z^l in detei «- - -ample, in U.S. Patent No 

» No. 4. 1 , 3 .S? SllS^ r£J m micro " sus P ef1s ' 0 " Pofymerizaton is disclosed, for example, in UsVatem 

Jrr 2 r asr n srr^rcSc be A r r for *• -~ 
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shell polymers having a volume average refractive index of 1.520 to 1.545 are preferred, and those having a volume 
average refractive index of 1 .525 to 1 .540 are particularly preferred. 

[0055] The refractive index of the core-shell polymer can be practically measured after processing it into a sheet or 
the like, but can also be obtained by calculation. That is to say. if the refractive indexes at 20°C of homopolymers of the 
5 monomers which are respective components constituting the core-shell polymer are known, the refractive index of the 
core-shell polymer can be obtained according to the following equation: 

Refractive index of core-shell polymer: nD = Z (nDi x xi) 

io wherein xi is a weight fraction of a constitutive component i of the core-shell polymer per 100 parts by weight of the 
core-shell polymer, and nDi is the refractive index of the constitutive component i at 20°C and 589 nm. 
[0056] Refractive indexes (nD) of various homopolymers are described in Polymer Handbook Willy, 1989, and the 
refractive indexes (nD) of the core-shell polymers (C) can be expected therefrom by calculation. 
[0057] The core-shell polymer is used in an amount of 1 to 80 parts by weight per 1 00 parts by weight of the com- 

15 ponent (A). If the amount is less than 1 part by weight, the effect to be obtained by incorporation of the component (C) 
is insufficient, and rf the amount is more than 80 parts by weight, no balanced rigidity and impact resistance are 
obtained. 

[0058] The cycloolef in copolymer resin compositions of the present invention may be those obtained by subjecting 
the components (A) and (B) or the components (A), (B) and (C) to a radical reaction in the presence of an organic per- 
20 oxide and optionally a radical-polymerizable polyfunctional monomer. 

[0059] The organic peroxide used in the present invention includes, for instance, hydroperoxide compounds, dialkyl 
peroxide compounds, diacyl peroxide compounds, peroxyester compounds, peroxycarbonate compounds, ketone per- 
oxide compounds, peroxyketal compounds and azo compounds. These peroxides may be used alone or in admixture 
thereof. 

25 [0060] An example of the hydroperoxide compounds is. for instance, cumene hydroperoxide. An example of the 
. dialkyl peroxide compounds is. for instance, di-tert-butyl hydroperoxide. An example of the diacyl peroxide compounds 
is, for instance, benzoyl peroxide. An example of the peroxyester compounds is. for instance, tert-butyl peroxybenzoate. 
An example of the peroxycarbonate compounds is, for instance, bis(4-tert-butylcyclohexyl) peroxydicarbonate. An 
*s example of the ketone peroxide compounds is. for instance, cyclohexanone peroxide. An example of the peroxyketal 
30 compounds is, for instance, 1,1-bis(tert-butylperoxy)cydohexane. An example of the azo compounds is, for instance, 
azobisisobutyronitrile (AIBN). 

[0061] Examples of the radical-polymerizable polyfunctional monomer which may be optionally used are, for 
instance, divinyl benzene, allyl methacrylate. diailyl phthalate. 1 ,3-butanediol dimethacrylate, and other compounds 
v known as a crosslinking monomer. These may be used alone or in admixture thereof. 

35 r [0062] The organic peroxide is used in an amount of 0.0001 to 6 parts by weight, preferably 0.0001 to 3 parts by 
weight more preferably 0.0005 to 1 part by weight, per 100 parts by weight of the cycloolef in copolymer (A). If the 
amount of the peroxide is less than 0.0001 part by weight often the effect produced by a radical reaction is not suffi- 
ciently found, and rf the amound is more than 6 parts by weight, there is a possibility that the radical reaction proceeds 
too much to result in difficulty in kneading the composition. 

40 [0063] In case of subjecting the components (A) and (B) or the components (A), (B) and (C). which constitute the 
resin composition of the present invention, to a radical reaction in the presence of the organic peroxide (D) and option- 
ally the racfical-polymerizable polyfunctional monomer, it is preferable that after mixing the cycloolefin copolymer (A) 
with either or both of the components (B) and (C), the radical reaction is carried out in the presence of the organic per- 
oxide and optionally the radical-polymerizable polyfunctional monomer. 

45 [0064] Mixing of components (A) and (B) and optionally component (C) can be carried out, for instance, by mechan- 
ically kneading the separately prepared above components in an extruder or mixing in a usual mixer or kneader. 
[0065] To the thus obtained mixture of the components (A) and (B) or the components (A), (B) and (C) were added 
the organic peroxide and optionally the radical-polymerizable polyfunctional monomer, and the mixture is subjected to 
a racfical reaction at a temperature at which the organic peroxide can be decomposed enough. 

so [0066] Such a radical reaction can also be effected by adding the organic peroxide and optionally radical-polymer- 
izable polyfunctional monomer to a molten mixture of the components (A) and (B) or the components (A), (B) and (C). 
The resin composition of the present invention can also be obtained in such a manner that the organic peroxide and 
optionally radical-polymerizable polyfunctional monomer may be added in the form of a solution in a suitable solvent to 
the above molten mixture at an organic peroxide-docomposable temperature, or a solid or molten mixture of the organic 

55 peroxide and optionally radical-polymerizable polyfunctional monomer with at least one of the components (B) and (C) 
is added to the molten component (A). 

[0067] In the kneading of the above components, the organic peroxide my be added before the kneading, my be 
added after the kneading and then further kneaded, or may be added to a molten composition during the kneading. The 
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3 minutes. C ' preferab, y for 10 seconds to 10 minutes, more preferably 10 seconds to 

5 EUoJtor^ and impact resistance are 

reaction in such a manner, the orgSZSe * ^SZ^^"^ 1 &) *** (C) are Subjected to a radical 
the components (A) and (B) or the ^n1nteT A 1^^SlM 3nd 3 radical reaction occurs, thus 

self -crosslinking reaction of to c^XTbTd olS SS? H to produCe ^ them, and/or a 

tides in to staTe of being dJ^S^S^^^^' (B) "» ^ 38 P*" 

10 SrimpT^ 

becomes more easy to proceed ransparency and ,m P act ^"9* may be obtained since the crosslinking reaction 

static ajBrt. and «4 (to USe * e ' 9 '- t*"** 2 *. *"*t abso*er. iharmal stabfe* .nfaidant. 

IUU731 The molded articles obtained from the cydodefin ccrolvmer ™«in «^ 
a notched bod impact strength of 2.5 to 100 kgWm S~Sl 4 to inTT^ ? ° f,he P reserti ^ntionhave 
kgcovcm. and a total light transmission of 80 to £T^^Tj^JZy eSpeCia " y 5 to 100 

[0076! Measurement and eva^on of physical properties d compositions were made by the fd.owing methods 
(A) Preparation method and testing method of compositions 



so 



25 



35 



40 



so 



55 



[0077] After dry-Wending predetermined amounts of raw material* tho ™. 

tvwn-screw extruder (TEX-30HSS made by The Japan S WorS SdTj^S^Jf^ WaS „ mett - kneaded * a 
molded (using IS80EPN made by Toshiba Machin^Co i m „£vt PeNetized. The pellets were injedion- 

^ani^pressu^^^^ 

(1 ) Izod impact strength (notched) 
Sw^^ 

(2) Transparency (Total light transmission and haze) 

KabushiW Kaisha. accoid.ng to JIS K 7105 by NDH-E80 made by Nippon Denshoku 

(3) Dispersed partide size 

(4) Refractive index 

[0081, Therefractive index ofasheet was measured S120-C by an At*esre^^ 
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by Kabushiki Kaisha Atago. 

(5) Primary particle size of core-shell polymer 

5 [0082] The size of particles in the state of a latex was measured at 20°C by a submicron size distribution analyzer 
Nicomp Model 370HPL made by Nozaki Sangyo Kabushiki Kaisha 

(B) Raw materials used in Examples and Comparative Examples 

10 [0083] As the COC (A) was used Topas 601 3 (registered trade mark) made by Hoechst AG (Germany). The refrac- 
tive index (nD) thereof actually measured with respect to a sheet having a thickness of 3 mm was 1.535 (value 
described in the brochure therefor 1 .53). 

[0084] As the rubber-like polymer (B) were used the following block copolymers. 

is B-1 (styrene-isobutylene-styrene block copolymer, SIBS, synthesized by the following method) 

[0085] The above SIBS triblock copolymer B-1 was synthesized according to a known method. A method for the 
production of SIBS triblock copolymer is known, and it can be obtained, for example, by a method as disclosed in U.S. 
Patent No. 4,964,899, Japanese Patent Publication Kokai No. 7-207098, Journal of Molecular Science: Pure and 

20 Applied Chemistry, Vol. A 31, 2055(1994), Japanese Patent Publication Kokai No. 7-100763, or Japanese Patent Pub- 
lication Kokoku No. 7-59601. The SIBS triblock copolymer B-1 was synthesized according to the method disclosed in 
Japanese Patent Publication Kokai No. 9-87439 except that 1 ,4-bis(2-chloro-2-propyl)benzene, isobutylene and sty- 
rene were used in amounts of 0.2 parts, 66 parts and 34 parts. The thus synthesized SIBS triblock copolymer B-1 had 
a number average molecular weight Mn of 109.000, an Mw/Mn ratio of 1 .2 (values measured by gel permeation chro- 

25 matography in fetrahydrofuran solvent at 23°C), a content of polystyrene block of 31 % and a refractive index (nD) of 
1.531. 

C RATON D-KX405 (made by Shell Chemical Company. SBS). refractive index (nD) = 1 .534 
%■ ASAPRENE T430 (made by Asahi Chemical Industry Co., Ltd., SBS), refractive index (nD) = 1.542 

30 CRATON G1 650 (made by Shell Chemical Company, SEBS), refractive index (nD) = 1 .506 

[0086] The refractive index of the block copolymers was measured at 20°C by an Abbe's refractometer (D line, 589 
nm). 

[0087] As the core-shell polymer (C) was used one synthesized in the following manner. 

35 

(1) An autoclave flushed with nitrogen was charged with the raw materials according to the following recipe, and 
the reaction was carried out at 60°C for 20 hours with stirring. 



Butadiene 


76 parts 


Styrene 


24 parts 


Divinyl benzene 


1 part 


Diisopropylbenzene hydroperoxide 


0.3 part 


Ethylenediamine tetraacetate 


0.006 part 


lron(l) sulfate heptahydrate 


0.002 part 


Formaldehyde sodium sulfoxylate 


0.3 part 


Potassium oleate 


2.0 part 


Pure water 


220 parts 



The conversion of that reaction was 98 %, and a latex of a styrene-butadiene rubber having an average particle 
size of 0.09 jim was obtained. 
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ll A r^ ^ ^ °^ ained in flushed wrth *Wn and was further charged 

with raw materials according to the following recipe. The reaction was carded out at 60'C for 24 hours with stirring. 



10 



15 



20 



Styrene-butadiene latex having an average partide size of 0.09 jim obtained in (1) (solid basis) 

Butadiene 

Styrene 

Divinyl benzene 

Diisopropylbenzene hydroperoxide 
Ethylenediamine tetraacetate 
lron(l) sullate heptahydrate 
Formaldehyde sodium sulfbxylate 
Potassium oleate 
Pure water 



30 parts 
53.2 parts 
16.8 parts 
0.1 part 
0.15 part 
0.006 part 
0.002 part 
0.2 part 
1.0 part 
130 parts 



25 



30 



m ^Ju^ 1 ^?^ and after 

sizelfo^^ 

ShTawtSriL ^ °^ ained jn (2) ' flushed "Hrogen and was further charged 

with raw matenals according to the following recipe. The reaction was carried out at 60°C for 30 hours with stirring. 



35 



40 



45 



Styrene-butadiene latex having an average particle size of 0.13 urn obtained in (2) (solid basis) 

Butadiene 

Styrene 

Divinyl benzene 

Diisopropylbenzene hydroperoxide 
Ethylenediamine tetraacetate 
lron(l) sulfate heptahydrate 
Formaldehyde sodium sulfoxylate 
Potassium oleate 
Pure water 



30 parts 
53.2 parts 
16.8 parts 
0.1 part 
0.15 part 
0.006 part 
0.002 part 
0.2 part 
1.0 part 
130 parts 



50 



55 



m i^Llo^ 1 4 ^ Startin9 reaction ' 02 P** <* Potassium oleate was added for each time andafter 
sizeJoS^ 
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0.1 urn and having a size of more than 0.5 \xm were not present. 

(4) The styrene-butadiene rubber latex obtained in (3) was charged in a glass vessel according to the following rec- 
ipe and stirred at 70°C. 



10 



Styrene-butadiene latex having an average particle size of 0.20 *im obtained in (3) (solid basis) 
Potassium persulfate 
Pure water 



70 parts 
0.15 part 
70 parts 



[0088] To the mixture were continuously added the following monomers over 3 hours in a nitrogen stream to con- 
duct a reaction. 



15 



25 



30 



35 



40 



45 



50 



55 





Cyclohexyl methacrylate 


23 parts 


20 


Styrene 


7 parts 



[0089] After the completion of the addition, 0.2 part of potassium persulfate was added and the mixture was further 
stirred for 2 hours to give a latex of a core-shell polymer. The conversion after the reaction was 98 %, and the average 
particle size of the obtained polymer was 0.22 \im. 

[0090] The particle size distribution of this latex was measured by a submicron size distribution analyzer Nicomp 
Model 370HPL made by Nozaki Sangyo Kabushiki Kaisha, and it was found that particles having a size of less than 0.1 
|im and having a size of more than 0.5 \im were not present. 

[0091 ] To the obtained latex of the core-shell polymer (C) were added 1 part of 2.6-di-tert-butyl-p-cresol and 1 part 
of dilaurylthiodipropionate. After thoroughly stirring, an aqueous hydrochloric acid solution was added to the latex to 
coagulate it, and the resulting slurry was adjusted to pH 3 to 4, dehydrated and dried to give a core-shell polymer (M- 
1) to be used as the component (C) of the composition of the present invention. The refractive index of the core-shell 
polymer (M-1) was 1.531. 

Examples 1 to 5 

[0092] The components (A) and (B) or the components (A), (B) and (C) were dry-Wended according to the recipe 
shown in Table 1, and the resulting mixture was melt-kneaded in a twin-screw extruder and pelletized to give a resin 
composition. The recipe, the dispersed particle size of block copolymer and the results of measurement of properties 
are shown in Table 1 . 
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Comparative Example 1 tn a 

[00931 The components (A) and (B) were dry-blended according to the recipe shown in Table 2, and the resulting 
mixture was melt-kneaded in a twin-screw extruder and pelletized to give a resin composition. The recipe, the dispersed 
s particle size of block copolymer and the results of measurement of properties are shown in Table 2. The composition of 
Comparative Example 4 is composed of only component (A). 

[0094] From Comparative Example 1 . it is found that if the dispersed particle size of an aromatic vinyl-conjugated 
diene copolymer used as the component (B) is less than 0.4 fim, a sufficient Izod impact strength is not obtained. From 
Comparative Examples 2 and 3, it is found that if the difference in refractive index between the COC (A) and the block 
10 copolymer (B) is more than 0.01 5, a sufficient transparency is not obtained. 
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INDUSTRIAL APPLICABILITY 

[0095] The cycloolefin copolymer resin compositions of the present invention have an excellent impact resistance 
improved without impairing an excellent transparency that cycloolefin copolymers themseleves possess, and are useful 
for various purposes, e.g., containers such as bottles and cups, and packaging films. 

Claims 

1. A transparent cycloolefin copolymer resin composition comprising (A) a cycloolefin copolymer and (B) 1 to 100 
parts by weight per 100 parts by weight of said cycloolefin copolymer, of at least one rubber-like polymer selected 
from the group consisting of (Bl) an aromatic vinyl-isobutylene copolymer and (B2) an aromatic vinyl-conjugated 
diene copolymer, wherein the difference in refractive index (nD) at 20°C between the components (A) and (B) is at 
most 0.015 and the particle size of the component (B) dispersed in the component (A) is from 0.4 to 3 ^m. 

2. The resin composition of Claim 1 , which further contains 1 to 80 parts by weight of a core-shell polymer (C) per 1 00 
parts by weight of the component (A), wherein the difference in refractive index (nD) at 20°C between the compo- 
nents (A) and (C) is at most 0.01 5 and the primary particle size of the component (C) is from 0.1 to 1 .0 pm. 

3. The resin composition of Claim 1 or 2, wherein said cycloolefin copolymer (A) contains 1 to 99 % by weight of struc- 
tural units of at least one cycloolefin, 99 to 1 % by weight of structural units of at least one non-cyclic olefin and 0 
to 20 % by weight of structural units of other vinyl compounds having at least one double bond. 

4. The resin composition of any of Claims 1 to 3, wherein said cycloolefin copolymer (A) contains 40 to 90 % by weight 
of structural units of at least one cycloolefin and 60 to 10 % by weight of structural units of at least one non-cyclic 
olefin. 

5. The resin composition of any of Claims 1 to 4, wherein said aromatic vinyl-isobutylene copolymer (B1) is at least 
one copolymer containing at least 40 % by weight of isobutylene units selected from the group consisting of sty- 
rene-isobutylene block copolymer (SIB), styrene-isobutylene-styrene block copolymer (SIBS), isobutylene-styrene- 
isobutylene block copolymer (IBSIB) and styrene-isobutylene random copolymer. 

6. The resin composition of any of Claims 1 to 5, wherein said aromatic vinyl-conjugated diene copolymer (B2) is at 
least one member selected from the group consisting of a styrene-butadiene copolymer containing at least 40 % 
by weight of butadiene units and a styrene-isoprene copolymer containing at least 40 % by weight of isoprene units 
wherein said styrene-butadiene copolymer is at least one member selected from the group consisting of a styrene^ 
butadiene block copolymer (SB), a styrene-butadiene-styrene block copolymer (SBS) and a styrene-butadiene ran- 
dom copolymer (SBR), and said styrene-isoprene copolymer is at least one member selected from the group con- 
sisting of a styrene-isoprene block copolymer (SI), a styrene-isoprene-styrene block copolymer (SIS) and a 
styrene-isoprene random copolymer (SIR). 

7. A process for preparing a transparent cycloolefin copolymer resin composition which comprises kneading (A) a 
cycloolefin copolymer and (B) 1 to 100 parts by weight, per 100 parts by weight of said cycloolefin copolymer of at 
least one rubber-like polymer selected from the group consisting of (B1) an aromatic vinyl-isobutylene copolymer 
and (B2) an aromatic vinyl-conjugated diene copolymer in the presence of (D) 0.0001 to 6 parts by weight, per 100 
parts by weight of the component (A), of an organic peroxide at a temperature of 1 80 to 300°C. 

8. The process of Claim 7, wherein the components (A) and (B) are kneaded together with 1 to 80 parts by weight of 
a core-shell polymer (C) per 1 00 parts by weight of the component (A). 
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